The many re search ers pointed out that the biodiesel pro duces re duced car bon monox ide, hy dro car bon, and smoke emis sion. How ever there is a slight in crease in
In tro duc tion
The per for mance, emis sion, and com bus tion char ac ter is tics of sin gle cyl in der di rect injec tion Die sel en gine was in ves ti gated us ing annona methyl es ter (AME) as a fuel. It is found from lit er a ture 20% AME + 80% die sel blends showed better per for mance and lower emis sion when com pared to that of Neat die sel [1] . The an ti ox i dant ad di tives along with biodiesel plays vi tal role in mit i gat ing NO x and ox i da tion sta bil ity of fuel while us ing in a Die sel en gine. The var i ous types of an ti ox i dants such as butylatedhydroxyanisole (BHA), butylatedhydroxytoluene (BHT), tert-butylhydroquinone, and 2-ethylhexyl ni trate (EHN) were used at var i ous con cen tra tions. The EHN an ti ox i dant with B20 has pre sented the best re duc tion of NO x . How ever, for ma tion of CO emis sions have been in creased with ad di tion of each of the an ti ox i dants to B20 [2, 3] . The an ti ox idants re duc ing NO x emis sion by add ing N, N0-di phen yl-1,4 phenylenediamine (DPPD) an ti ox idant and also add ing DPPD ad di tive to all biodiesel and also re duces the ex haust gas tem per a ture [4] . The an ti ox i dant ad di tion in biodiesel leads to lower NO x emis sion when com pared to die sel [5] . Fur ther, the ox i da tion sta bil ity for all an ti ox i dants such as BHT and BHA hav ing low est ef fec -tive ness in biodiesel. By us ing nat u rally age ing pro cess the biodiesel an ti ox i dants sam ple were mea sured to find the ox i da tion sta bil ity, ki ne matic vis cos ity and acid value. The ad di tion of an tiox i dants in biodiesel im proves the ox i da tion sta bil ity, the rate of change of ki ne matic vis cos ity, was found to be less [6, 7] The ef fect of di ethyl ether (DEE), dimethyl ether, and eth a nol as ad di tives along with biodiesel showed sig nif i cant per for mance and emis sion re duc tion char ac ter is tics. It has been found that HC, CO, and smoke emis sions sig nif i cantly lower and the NO x emis sion was slightly higher [8] .
The ef fect of an ti ox i dant L-ascor bic acid (LAA) on per for mance and emis sion char acter is tics of AME showed NO x emis sion is re duc tion by 23.38% and other emis sion such as HC, CO, and smoke also re duced when com pared to that of Neat die sel [9] . The ef fect of DEE on the per for mance and emis sion char ac ter is tics of sin gle cyl in der pongamia biodiesel and eu ca lyp tus oil op er ated Die sel en gine proved. It has been that the brake ther mal ef fi ciency is very close to Neat die sel and there is a con sid er able re duc tion in emis sions such HC, CO, and smoke were achieved [10] .
In this pres ent study the ef fect of dif fer ent an ti ox i dants along with annona biodiesel oper ated Die sel en gine were ana lysed to re duce the NO x emis sion. The emis sion re sults of dif fer ent an ti ox i dants at var i ous pro por tions of an ti ox i dant mix tures were com pared ex per i men tally.
Ma te ri als and meth ods
The AME oil pro cured from Tamil Nadu Agri cul tural Uni ver sity, In dia, is used as test fuel and its prop er ties of annona oil shown in tab. 1.
The an ti ox i dants are used in this study p-phenylenediamine (PPDA), a-tocopherol ac etate (AT), 1, 4-dioxane, and LAA. The spec i fica tion of antioxidantadditives are given in tab. 2.
Ex per i men tal set-up and test ing pro ce dure
The ex per i ments are car ried out in a sin gle cyl in der, wa ter cooled, di rect in jec tion Diesel en gine. The sche matic di a gram of en gine set-up is shown in fig. 1 and the spec i fi ca tion of test en gine is shown in tab. 3. An elec tric dy na mom e ter is used as load ing de vice. A fuel and gas flow rate, load, speed, and ex haust gas tem per a ture are mea sured in a ap pro pri ate de vices. The NO x emis sion is mea sured us ing NDIR based AVL gas analyser. Be fore tak ing the emis sion test a leak check is con ducted in the dig i tal gas analyser. Ramalingam The NO x emis sion is ana lysed at dif fer ent pro por tions of an ti ox i dants at a con stant speed of 1500 rpm. The ex per i men tal un certain ties are shown in tab. 4. All ad di tives are ac cu rately weighed us ing high pre ci sion elec tronic ma chine and added to mea sured quan tity of annona biodiesel to make 0.010%-m of an ti ox i dant mix tures. A speed mix ture is used to pre pare a ho mog e nous mix ture of an ti ox i dant and test fuel. The exper i ments were car ried out af ter through engine and cal i bra tion of mea sur ing in struments same test pro ce dure was fol lowed for all the test mix tures (MEAO + 0.010%-m, MEAO + 0.020%-m, MEAO + 0.030%-m, and MEAO + 0.040%-m).
Re sults and dis cus sions

Com par i son of NO x emis sion
Tem per a ture plays a vi tal role in NO x for ma tion. It is also de pends upon the com pression ra tio, equiv a lence ra tio, ge om e try of the com bus tion cham ber, fuel in jec tion ad vance, pressure, and tem per a ture of the in let air . Fig ure 2 shows the vari a tion of NO x emis sion with brake power (BP) for dif fer ent an ti ox i dant con cen tra tions of PPDA. It can be seen from graph that NO x emis sion in creases with in crease of en gine load. The NO x emis sion de creases with the percent age of PPDA with the MEOA, up to of MEAO + PPDA100 of an ti ox i dant mix ture after that it in creases. Fur ther, it is also seen that NO x emis sion of MEAO + PPDA100 of an ti ox idant mix ture is de creased by 42.15% when com pared to Neat die sel fuel. This is due to the re duc tion in the for ma tion of free rad i cals by PPDA. The free rad i cals play a key role in prompt NO for ma tion dur ing the com bus tion of biodiesel within the flame. Fig ure 3 shows that vari a tion of NO x emission with BP for dif fer ent an ti ox i dant con centra tions of AT. From the graph it is ob served that NO x emis sion in creases with the in crease of engine load due to higher com bus tion tem per a ture. For MEAO + AT100 mix ture NO x emis sion reduces by 24.83%. The NO x emis sion re duc tion is higher at MEAO + AT100 and lower for MEAO + AT400. This is due to the ni tro gen con tent in the an ti ox i dant ad di tive. A tocopherol ac e tate is a chain-break ing an ti ox i dant and it has abil ity to do nate its phe no lic hy dro gen to free rad i cals. Thus, NO x emis sion re duced with the ad di tion of an ti ox i dant ad di tive .  Fig ure 4 shows that vari a tion of NO x emis sion with BP for dif fer ent an ti ox i dant con cen tra tions of 1, 4-dioxane. From NO x emis sion de crease with in creas ing ad di tive 1, 4-dioxane with MEOA. Fur ther, it can be ob served that NO x emis sion for MEAO + 1,4-Dioxane100 is decreased by 16.87% when com pared to MEAO at full load. This is due to re duc tion in cyl in der tem per a ture which in turn re duces the NO x emis sion. Fig ure 5 shows that vari a tion of NO x emission with BP for dif fer ent an ti ox i dant con centra tions of LAA. It can be seen from graph that NO x emis sion in creases with in crease of en gine load. The LAA pro duced small amount of NO x re duc tion 6.56% of MEAO + LAA100 mix ture an ti ox i dant ad di tive. The LAA is a rad i cal-trapping an ti ox i dant, ef fec tively scav enges re ac tive NO spe cies such as NO, NO 2 , and N 2 to pre vent nitrosation of tar get mol e cules.
Fig ure 6 shows that vari a tion of NO x emission with BP for dif fer ent an ti ox i dants con centra tion of 0.010%-m with neat MEAO. It is seen that sig nif i cant re duc tions in NO x emis sion is observed by us ing dif fer ent an ti ox i dants. How ever, op ti mum re duc tion is found at 0.010%-m concen tra tion of ad di tives. The re sult in di cate that the high est NO x emis sion re duc tion is found at PPDA and fol lowed by AT, 1, 4-dioxane, while LAA had the low est. Hence, the NO x emis sion can be re duced by for ma tion of free rad i cals pres ent in the an ti ox i dant ad di tives.
Con clu sions
The ex per i men tal work shows that the poten tial ben e fit of an ti ox i dant ad di tions annona biodiesel op er ated Die sel en gine. The main con clu sion of this pres ent work can be sum marized: · The an ti ox i dants are quite ef fec tive in con trol ling the NO x emis sion mit i ga tion. · Among dif fer ent an ti ox i dants, PPDA showed op ti mum NO x emis sion re duc tion of 42.15%, when com pared to other dif fer ent an ti ox i dant ad di tives. · The NO x emis sion re duc tion ef fi ciency of an ti ox i dants is ob served in the or der PPDA > AT > 1, 4-dioxane > LAA. 
